In anaesthesia, patient simulators have been used for training and research. However, insights from simulatorbased research may only translate to real settings if the simulation elicits the same behaviour as the real setting. To this end, we investigated the effects of the case (simulated case vs. real case) and experience level (junior vs. senior) on the distribution of visual attention during the induction of general anaesthesia. We recorded eye-tracking data from 12 junior and 12 senior anaesthetists inducing general anaesthesia in a simulation room and in an actual operating room (48 recordings). Using a classification system from the literature, we assigned each fixation to one of 24 areas of interest and classified the areas of interest into groups related to monitoring, manual, and other tasks. Anaesthetists gave more visual attention to monitoring related areas of interest in simulated cases than in real cases (p = 0.001). We observed no effect of the factor case for manual tasks. For other tasks, anaesthetists gave more visual attention to areas of interest related to other tasks in real cases than in simulated cases (p < 0.001). Experience level did not have an effect on the distribution of visual attention. The results showed that there were differences in the distribution of visual attention by between real and simulated cases. Therefore, researchers need to be careful when translating simulation-based research on topics involving visual attention to the clinical environment.
Summary
In anaesthesia, patient simulators have been used for training and research. However, insights from simulatorbased research may only translate to real settings if the simulation elicits the same behaviour as the real setting. To this end, we investigated the effects of the case (simulated case vs. real case) and experience level (junior vs. senior) on the distribution of visual attention during the induction of general anaesthesia. We recorded eye-tracking data from 12 junior and 12 senior anaesthetists inducing general anaesthesia in a simulation room and in an actual operating room (48 recordings). Using a classification system from the literature, we assigned each fixation to one of 24 areas of interest and classified the areas of interest into groups related to monitoring, manual, and other tasks. Anaesthetists gave more visual attention to monitoring related areas of interest in simulated cases than in real cases (p = 0.001). We observed no effect of the factor case for manual tasks. For other tasks, anaesthetists gave more visual attention to areas of interest related to other tasks in real cases than in simulated cases (p < 0.001). Experience level did not have an effect on the distribution of visual attention. The results showed that there were differences in the distribution of visual attention by between real and simulated cases. Therefore, researchers need to be careful when translating simulation-based research on topics involving visual attention to the clinical environment.
Introduction
In anaesthesia, patient simulators have been used to train technical and non-technical skills [1, 2] , evaluate new technology [3] [4] [5] , investigate topics such as situation awareness [6, 7] , and assess acute care skills [8] . One critical assumption is that findings from simulator-based research translate to actual settings [9] [10] [11] . We investigated the effects of the case (simulated case vs. real case) and experience level (junior vs. senior) on the distribution of visual attention during the induction of general anaesthesia.
The comparison of simulated and real environments has been discussed in relation to simulation fidelity [12, 13] or ecological validity [9] , but has also been addressed empirically. First, based on interviews, Dieckmann et al. [12] reported that fictional cues (cues emphasising the differences between simulated and real cases) resulted in different behaviours in the simulator, such as changes in attention to the patient`s symptoms or less monitoring of the surgical field compared with real cases. Second, when comparing anaesthetists' activity patterns [10] and communication patterns [11] , researchers observed similar patterns in simulated and real cases. Third, using eye tracking, Seagull et al. [14] reported that anaesthetists spent less time looking at the patient and more time looking at patient-monitoring equipment in simulated compared with real cases. However, the study only focused on a limited time frame (60 s), the sample size was small, and methodological details were missing. Overall, only a limited number of empirical studies have addressed the differences between simulated and real procedures in anaesthesia. However, if simulators are used for research on topics involving visual attention, such as situation awareness [7] , the evaluation of displays for patient monitoring [5] , or the assessment of clinical skills [8] , it is important to investigate anaesthetists' visual attention distribution in simulated compared with real cases.
In the present study, we recorded eye-tracking data from 12 junior and 12 senior anaesthetists inducing general anaesthesia including direct laryngoscopy and tracheal intubation in a simulation and in an actual operating room. Based on previous research [12, 14] , we hypothesised that anaesthetists devote more visual attention to monitoring-related areas of interest such as the patient monitor in the simulated case compared with real cases. Furthermore, because senior anaesthetists may use further, non-visual information sources such as the pressure of the air bag when ventilating a patient, we expected junior anaesthetists to devote more attention to monitoring-related areas of interest in real cases compared with senior anaesthetists. These differences should not be present in simulated cases because senior anaesthetists may not be able to use these non-visual information sources due to the limitations of simulation [12] . Finally, we collected several case-related measures to check whether the simulated cases and the real cases were comparable.
Methods
The study was approved by the local ethics committee, and written informed consent was provided by all participants. The anaesthetists were staff members of the Department of Anaesthesia at the University Hospital of W€ urzburg and were recruited via email and wordof-mouth.
Each anaesthetist performed a simulated case and a real case. Half of the participants performed the simulated case first and the other half performed the real case first. The simulated case involved a 54-year-old healthy man (ASA physical status 1) undergoing an uretero-renoscopy procedure because of nephrolithiasis. For the real cases, we only included patients fulfilling the following criteria to keep the simulated case and the real case as similar as possible: (1) no known or expected difficult airway; (2) no need for rapid sequence induction; (3) only patients with ASA status 3 or less; and (4) general anaesthesia procedures including direct laryngoscopy and tracheal intubation. All patients also gave written informed consent.
The main independent variable was the dwell time in different areas of interest (AOI). The dwell time is defined as the accumulated time from entering a specific AOI such as the patient monitor, the patient's head or anaesthesia trolley until the AOI is left [15] . The dwell time includes all eye-related events such as fixations, saccades and blinks. We adapted the AOI of Schulz and colleagues [7] and used a total of 24 AOI which were summarised in the three tasks: monitoring tasks; manual tasks; and other tasks (see [7] and Table 1 ). To test the inter-rater agreement, two trained raters analysed 1309 fixations from a pilot recording in the simulator. Cohen's Kappa was 0.835, which can be considered sufficient, despite the large number of AOI [16] .
For the simulated case, participants first put on the eye tracker (SMI Eye Tracking Glasses, Teltow, Germany). Second, the eye tracker was calibrated using three calibration points. Third, the experimenter told the participants that they should induce anaesthesia in a patient in the simulator and that they should perform all steps as they would do in a real setting. Fourth, participants entered the simulation. The anaesthetic nurse (actor) was already waiting for the participants and connected standard monitors and provided equipment. During induction, the nurse assisted in the procedure (i.e. prepare and administrate medication, pass equipment for intubation, etc.). The procedure ended when the participants indicated that they would now ready to start preparation for surgery. Fifth, to double-check eye tracking precision, participants were told to look at the calibration points again. Sixth, we collected baseline characteristics and subjective workload for all six dimensions of the NASA Task Load Index [17] on a scale ranging from 0 = very low to 10 = very high and step increments of 0.5. For the work-load analyses, we used the mean of the six dimensions.
All recordings were conducted at the simulation centre of the Department of Anaesthesia at the University Hospital of W€ urzburg using a manikin (HPS Human Patient Simulator; CAE Healthcare, Sarasota, FL, USA) with a standard airway. All participants were familiar with the simulation environment and were instructed that no adverse event would happen in the simulated case.
The procedure for the real case was similar to the simulated environment, but was conducted in induction rooms of the operating room. Due to work obligations, it was not possible do schedule the same anaesthetic nurse for each recording. The general setup and equipment in the simulation room and induction room were identical (Fig. 1) . The recording procedure for both cases was standardised and tested with several pilot participants.
Once an anaesthetist finished both recordings, we conducted a semi-structured interview to ask about: (1) the most important information sources during induction of general anaesthesia; (2) non-visual information sources during induction of general anaesthesia; and (3) differences in information sources and general differences between the simulated and the real case. The data were manually coded using the SMI BeGaze Version 3.5 (SMI, Teltow, Germany). Each case was analysed from the first fixation in the simulation room or the induction room until the anaesthetist cleared the patient for surgery or started a different task (e.g. placement of a second intravenous access). First, each fixation was assigned to an AOI. Second, each recording was separated into the following six phases: (1) case history (first fixation in the room until the check of the case history was finished); (2) precheck (end of check of case history until the mask was placed over the patient's mouth); (3) pre-oxygenation and induction (mask was placed over the patient's mouth until ventilation started with the bag); (4) mask ventilation and administration of neuromuscular blocking drugs (ventilation with the bag until the mask was removed); (5) direct laryngoscopy including placement of the tracheal tube (removing the mask until after auscultation of the lungs); and (6) mechanical ventilation and maintenance of general anaesthesia (auscultation of the lungs until the patient is cleared for surgery or the anaesthetist begins a different task). Third, we calculated the relative dwell time that each participant spent in each AOI in each of the six phases. Fourth, we added up the dwell times according to the classification system of Schulz and colleagues [6] to classify the AOI into monitoring tasks, manual tasks and other tasks (Table 1) .
Because it is difficult to estimate the clinical relevance of numerical differences in visual attention distribution, we based our sample size calculation on previous studies and standardised effect-size ranges. The sample size of previous eye-tracking studies in anaesthesia ranged from 4 to 15 [18] and one study on experience level reported data from 11 participants. A power analysis with 1 -b = 0.80 and a = 0.05 resulted in a required sample size of 2 9 12 participants to be able to detect a medium-sized or larger effect of the hypothesised case 9 expertise interaction.
For the statistical analysis, the classes monitoring tasks, manual tasks and other tasks were analysed using three separate multivariate analyses of variance (MANOVA) with the factors case (simulated, real), experience level (junior, senior), phase (1, 2, 3, 4, 5, 6 ). Because the main focus of the study was on the factors case and experience level, we only followed up significant main or interaction effects of case and experience level using t-tests. Scenario length and workload was analysed using an analysis of variance (ANOVA). The statistical analysis was conducted using SPSS 22 (IBM, Chicago, IL, USA) and alpha was 0.050 for all tests.
Results
All participants had normal or corrected-to-normal eyesight. The 12 junior anaesthetists were in their first or second year of a 5-year programme for specialising in anaesthesia (seven women, five men; mean (SD) Figure 1 Photos of (a) the induction room and (b) the simulation room. The induction room has not been prepared for induction (i.e. anaesthesia trolley is missing medication) but the simulation room has been prepared. In the induction room, the additional screen to the right of the patient monitoring can be used to access the electronic patient record but this never occurred during the study. age = 29.4 (1.8) yr, mean experience 1.3 (0.5) yr). The 12 senior anaesthetists were specialised in anaesthesia (2 women, 10 men; age 39.8 (4.7) yr, experience 10.8 (3.4) yr). Between junior and senior anaesthetists, there was no difference in gender distribution (p = 0.089) but there were significant age (p < 0.001) and experience (p < 0.001) differences.
The recording of one senior participant in the simulation was repeated (with approximately eight weeks between recordings) because of low eye-tracking accuracy. The recording of one junior participant of a real case was repeated (with approximately seven days between recordings) because a senior anaesthetist had to intervene due to an unexpected difficult airway. Furthermore, we removed short sections in five recordings because they were not part of the regular procedure and might have biased the statistical analysis (three section in simulated cases: trouble shooting because of simulator equipment failure at the very end of a recoding; first failed intubation attempt; extended anaesthesia protocol writing during the mechanical ventilation phase; two sections in real cases: intravenous line placement during the pre-check phase; extended anaesthesia protocol writing during the precheck phase).
The dwell times for the individual AOI are shown in Table 1 , and Fig. 2 . For monitoring tasks, we observed that anaesthetists devoted significantly more visual attention to monitoring-related AOI in the simulated case compared with the real cases (p = 0.001). Furthermore, anaesthetists devoted significantly different visual attention to monitoring in the different phases (p < 0.001), and visual attention to monitoring during the phases varied depending on case (case 9 phase interaction, p = 0.015). Anaesthetists devoted more visual attention to monitoring-related AOI in simulated cases than in real cases during the phases: case history (p = 0.013); mask ventilation and administration of neuromuscular blocking drugs (p = 0.035); direct laryngoscopy (p = 0.039); and mechanical ventilation and maintenance of general anaesthesia (p = 0.005).
For manual tasks, we observed that visual attention on manual tasks varied in the different phases (p < 0.001) and that visual attention to monitoring during the phases varied depending on case (case 9 phase interaction, p = 0.001). Anaesthetists devoted significantly more visual attention to manual task-related AOI in simulated cases compared with real cases during the pre-check phase (p < 0.001), and the opposite pattern was observed in the maintenance of general anaesthesia phase (p = 0.048).
For other tasks, we observed that anaesthetists devoted significantly more visual attention to AOI related to other tasks in the real cases compared with the simulated case (p < 0.001) and significantly different visual attention on other tasks in the different phases (p = 0.001).
Finally, to test whether extreme values biased our results, we removed any values which deviated more than 1.5 interquartile ranges from the upper or lower quartile of the respective distribution (34 out of 864 data points, 3.94%). A re-analysis showed the same significant effects for monitoring, manual, and other tasks.
The analysis of the mean (SD) length of the recordings showed that simulated cases (9.88 (0.28) min) were significantly shorter than real cases (11.76 (2.86) min, p = 0.007). Finally, as in previous research [19] , the mean subjective work-load showed that senior anaesthetists (3.01(1.05)) experienced less work-load compared with junior anaesthetists (4.00 (1.44), p = 0.025) and both junior and senior anaesthetists indicated a lower work-load in the simulated case (3.20 (1.07)) compared with the real case (3.80 (1.30), p = 0.003).
There were no major differences between answers provided by junior and senior anaesthetists in relation to the most important information sources during the induction of general anaesthesia and non-visual information sources (Table 2) . Furthermore, junior and senior anaesthetists mentioned the same information sources and mentioned the same differences between the simulated and the real case.
Discussion
In support of our hypothesis, we observed that greater visual attention was paid to monitoring-related AOI in simulated cases compared with real cases. Our results are consistent with the findings of previous qualitative [12] and preliminary quantitative research [14] . Our results and the qualitative results of Dieckmann et al. [12] indicate that this effect is likely to be because of the limitations of the manikin. Furthermore, in real cases, anaesthetists looked more frequently at other objects (i.e. other objects in the environment that were not classified as AOI). During real cases, more distractions and interruptions may happen compared with the simulated environment.
Contrary to our expectations, we did not find a moderating effect of level of experience on monitoringrelated visual attention. We expected that senior anaesthetists would use non-visual information sources in real cases more frequently and would therefore devote less visual attention to monitoring-related AOI in real cases. However, the qualitative data show that junior and senior anaesthetists used the same visual and nonvisual information sources (Table 2) . Therefore, it is not too surprising that we did not observe experiencelevel differences but only differences between simulated and real cases in monitoring task-related visual attention distribution. Furthermore, the absence of an experience-level effect on the distribution of visual attention in the simulated cases matches the results of the uneventful session of Schulz et al. [7] .
In relation to manual tasks, we observed that anaesthetists gave more attention to manual tasks in simulated cases than real cases during the pre-check phase. Participants were not familiar with the nurse (actor) in the simulation and therefore may have given more attention to checking the equipment. The missing main effect of case is consistent with Manser et al. [10] who observed no differences in manual activity between the operating room and a simulation without an adverse event during the induction of general anaesthesia.
In relation to other tasks, we observed a main effect of the factor case. Anaesthetists spent more attention on other tasks in real cases than in simulated cases. Again, this result is in line with Manser et al. [10] who also reported more activity on other tasks in the operating room compared with a simulation without adverse event. Similarly, a recent study comparing real and simulated transurethral resection of the prostate reported that surgeons devoted approximately 27% more visual attention in the operating room (and therefore not on the screen and their main task) in the real environment [20] .
The study has several limitations. As described in the methods section, we aimed to have real cases that were similar to our simulated case. Still, our caserelated variables showed differences. First, the differences in recording length cannot explain the result pattern because the dwell times were adjusted to the length of each phase and recording. Second, if the differences between subjective workload in the simulation and the real cases caused the differences in monitoring, we should have also observed experience-level differences because we also observed experience-level differences in the subjective work-load measures. Third, the differences in monitoring may be the result of increased vigilance because of an increased expectation of an adverse event in the simulation. However, all participants were told that the simulation would not involve an adverse event, and in the interview, only a few participants mentioned an association between the simulation setting and adverse events or stress (Table 2 ). In addition, in the real cases, anaesthetists did not have such assurance which may have affected the distribution of their visual attention. Fourth, one may argue that the induction room may have had more objects in the environment compared with the simulation room (see Fig. 1 ). However, humans keep foveal direction nearby task-related objects, and very few fixations are unrelated to the task at hand [21] . The different background objects in the induction room compared with the simulation room are therefore unlikely to have caused the observed difference in visual attention distribution. Finally, we only investigated where and for how long anaesthetists looked at specific areas and did not collect data on any performance measures such as detecting abnormalities or data on situation awareness.
The results of the present study indicate a limitation of simulator validity in relation to visual attention. As a consequence, researchers should be careful (2) , iv access in simulation (2), eye tracking glasses less distracting in simulation (2), intubation more difficult in real case (2), more visual attention on patient in real case (2), smells (1), more monitoring in simulation (1), technical failures of simulation equipment (1), more different information sources in simulation (1) when translating simulation-based studies to topics involving visual attention in real clinical environment. For example, when evaluating new monitoring equipment in simulated settings, participants' performance may be better compared with real settings, because of a general tendency to pay more attention to monitoring tasks. As a result, monitoring performance in real settings may be overestimated or hospitals devote resources to medical equipment that does not provide benefits.
One solution to this issue is to follow up simulation-based trials with clinical trials. For example, Liu and colleagues have evaluated anaesthetists' vital signmonitoring behaviours when using a head-mounted display in simulated [5] and real settings [22] .
A further solution is to change the simulation to better match the real setting. One option is an 'in-situ' simulation [23] . In our facilities and many other simulations centres, the simulation room is separated from the operating room wing. An in-situ simulation in the operating room may result in a more fragmented distribution of visual attention because, for example, more noise or other staff may be present compared with the rather sheltered environment in the simulation centre. For example, 4.24% of the dwell time in the simulated cases was not classified in the AOI classification system compared with 7.42% in the real cases. A second option is to improve the simulation scenario by enhancing the scenario with more details such as distractions or more communication between actors and the participant. Eventually, technical progress may also improve the limitations of the manikin mentioned in previous studies [12] and by the current participants (Table 2) . At first, one may think that improving the manikin only improves the face validity of the simulation and does not need to be considered. We agree that, for example, for training of non-technical skills such as communication, an exact replica is not necessary. However, if visual attention is involved, researchers need to pay attention to these details and be aware that the distribution of visual attention in simulated and real cases can and probably do differ.
